Introduction: Long-term use of peritoneal dialysis catheter is associated with complications such as infection and malfunction, necessitating removal of catheter with subsequent reinsertion or permanent transfer to haemodialysis. This study aims to investigate the outcome in patients who underwent reinsertion. Methods and materials: A single-centre retrospective study was performed in Singapore General Hospital for all adult incident peritoneal dialysis patients between January 2011 and January 2016. Study data were retrieved from patient electronic medical records up till 1 January 2017. Results: A total of 470 patients had peritoneal dialysis catheter insertion with median follow-up period of 29.2 (interquartile range = 16.7-49.7) months. A total of 92 patients required catheter removal. Thirty-six (39%) patients underwent catheter reinsertion. The overall technique survival at 3 and 12 months were 83% and 67%. Median time to technique failure of the second catheter was 6.74 (interquartile range = 0-50.2) months. The mean survival for patients who converted to haemodialysis and re-attempted peritoneal dialysis was comparable (54.9 ± 5.5 vs 57.3 ± 3.6 months; p = 0.75). Twelve (13%) patients had contraindication for peritoneal dialysis and were excluded from analysis. Of 11 patients who required catheter removal due to malfunction, 7 (64%) underwent catheter reinsertion and 6 (86%) patients ultimately converted to haemodialysis during study period. Of the 69 patients who had catheter removal due to infection, 29 (42%) underwent catheter reinsertion and 8 (28%) patients eventually converted to haemodialysis during the study period. Conclusion: Patient survival was comparable between patients who re-attempted peritoneal dialysis and patients who transferred to haemodialysis. Patients who had previous catheter removal due to infections had favourable technique survival than those due to catheter malfunction.
Introduction
Long-term use of peritoneal dialysis (PD) catheter is associated with complications 1 necessitating the removal of catheter such as infection and malfunction, with an option for permanent transfer to haemodialysis (HD) or reinsertion of catheter. Limited data exist concerning success with PD catheter reinsertion. 2 Studies investigating reinsertion outcomes in patients after peritonitis yielded conflicting results. [3] [4] [5] To our knowledge, outcomes of catheter removal for patients with catheter malfunction is not well reported. Knowing the outcome for these patients who have a choice of interventions will allow for better clinical decision making and help patients reach a more informed decision. It can improve mortality and minimize excessive procedures for this group of patients. This study aims to explore patient mortality and second catheter survival for patients who have a choice of intervention after catheter removal.
Methods and materials
A single-centre retrospective study was done as a quality improvement project in Singapore General Hospital for all adult incident PD patients in a 5-year period (January 2011 and January 2016) and followed up until 1 January 2017. Study data were retrieved from patient electronic medical records. The data collected included (a) demographic data with variables such as age, gender, race, body mass index (BMI) and comorbidities; (b) relevant history such as date of insertion and exit from PD, any prior HD, aetiology of Tenckhoff catheter removal and organism of infection and (c) subsequent management after removal, either transfer to HD or reinsertion of Tenckhoff catheter.
Technique failure was defined as transfer to HD permanently. Infection-related catheter removal was defined as catheter removal due to PD-related peritonitis and/or catheter exit-site infection/tunnel tract infection. Catheter malfunction was defined as catheter flow problem or malposition.
The data were reported as frequency (percentage) for categorical variables, mean ± standard deviation for normally distributed continuous variables and median (and interquartile range (IQR)) for non-normally distributed continuous variables. Patient and technique survival were analysed by Kaplan-Meier survival analysis using SPSS version 23.0 (SPSS Inc, Chicago, IL, USA).
Results
A total of 470 patients had PD catheter insertion during the study period with median follow-up period of 29.2 (IQR = 16.7-49.7) months. A total of 92 patients who required catheter removal were identified for analysis. The demographic data are presented in Table 1 .
Reasons for catheter removal included infection (n = 76, 83%) and catheter malfunction that cannot be managed by alternative methods (n = 11, 12%). The causal organisms for infection are presented in Table 2 .
Of the 92 patients requiring removals (Figure 1 ), 36 (39%) patients underwent catheter reinsertion. The overall technique survival at 3 and 12 months were 83% and 67%, respectively. Among patients who re-attempted PD, the median time to technique failure of the second catheter was 6.74 (IQR = 0-50.2) months. The mean survival for patients who re-attempted PD was comparable to patients who converted to HD permanently (54.9 ± 5.5 vs 57.3 ± 3.6 months; p = 0.75). The causes of death were similar between the two groups and presented in Table 3 .
Twelve patients were excluded from analysis for aetiology due to having contraindication to re-attempt PD after removal, necessitating conversion to HD. These included secondary peritonitis (n = 7, 8%), non-compliance (n = 2, 2%), membrane failure (n = 2, 2%) and pleuro-peritoneal leak (n = 1, 1%).
Of the 11 patients who required catheter removal due to malfunction (Figure 1 ), 7 (64%) underwent catheter reinsertion. Majority of those patients (n = 6, 86%) who underwent catheter reinsertion ultimately converted to HD during follow-up period. The median follow-up period for the second catheter is 8.6 (IQR = 5.5-28.6) months. Of those that eventually converted to HD, the median catheter survival is 9.7 (IQR = 5.4-37.6) months. Technique survival at 3 months was 86% and at 1 year was 43%.
Of the 69 patients who had catheter removal due to infection (Figure 1) , 29 (42%) underwent catheter reinsertion and 8 (28%) patients eventually converted to HD during the study period. The median follow-up period for the second catheter is 9.6 (IQR = 3.0-15.4) months. Of those who eventually converted to HD, the median catheter survival is 1.6 (IQR = 1.1-3.8) months. Technique survival at 3 months was 83% and at 1 year was 72%.
A two-tailed Fisher's exact test comparing 1-year technique survival between the two groups yielded a p value of 0.19.
Of 36 patients who underwent catheter reinsertion, 14 eventually converted to HD permanently. The causes of technique failure were comparable between the two groups. The main cause of technique failure was due to PD-related infection (50% and 67%, respectively, in infection and malfunction groups) ( Table 4) .
Discussion
The present study demonstrated that patient survival was comparable between patients who transferred to HD and patients who re-attempted PD after initial catheter removal due to infection or catheter malfunction. The study also demonstrated that among those patients who re-attempted PD, the technique survival appeared to be better in the groups of patients who had catheter removal due to PD-related infection than those due to catheter malfunction. However, the cause for initial catheter removal did not predict the eventual cause of technique failure. The eventual cause of technique failure between patients whose initial cause of technique failure was due to infection and those due to catheter malfunction were comparable. The present study observed that infection remained the main cause of technique failure among patients who underwent catheter reinsertion regardless of initial cause of catheter removal. The previous study by Htay et al. 6 using Australia and New Zealand Dialysis and Transplant Registry (ANZDATA) also reported that infection was one of the common reasons for patients to discontinue PD therapy.
For patients who meet with complications during PD, there are many interventions that have been reported that demonstrate good outcomes. Mainstay of treatment for infections such as peritonitis, tunnel tract infections and exit-site infections is antimicrobials. 7, 8 Management of malfunctioning catheters include manipulation, 9,10 fibrinolysis 11,12 and surgical repositioning. 13 However, when these attempts to save the catheter has failed, or for cases with relapsing peritonitis, refractory peritonitis, fungal peritonitis and refractory catheter infections, prompt catheter removal is indicated. 8, 14, 15 After catheter removal, a patient can either remain on PD, with reinsertion of a new catheter or change their modality of dialysis, most commonly to haemodialysis due to the scarcity of kidneys available for transplant in our country. For patients who have no contraindications to either modalities, a choice between the two has to be made. Previously published experience found that patient survival was comparable. 3 However, reinsertion of catheter could become an additional procedure exposing patients to unnecessary risks of operation and anaesthesia if the duration of catheter survival of the reinserted catheter is short. It would be in the interest of the patient and the healthcare institution to convert modalities from the first instance of catheter removal. When comparing how the causes for removal predict outcome, early technique survivals of both groups at 3 months are similar. However, long-term technique survival for the infection group term is more favourable than the malfunction group. The former showed a steeper drop in the first 3 months before tapering out, a trend that is also reflected in past reports. The malfunction group demonstrated a sustained decline in technique survival beyond the first 3 months to a much lower level (Figure 2) . However, the difference between the technique survivals between the two groups failed to reach statistical significance. Interpretation of this result is hard due to the limited numbers of patients with catheter malfunction who re-attempted PD, resulting in hugely variable second catheter survival times. We can only conclude that long term technique survival of the reinserted catheter is possibly more favourable in the infection group, with a tendency for early technique failure rather than late.
Previous experience regarding reinsertion have been described by Troidle et al., 5 Cox et al. 3 and Szeto et al. 4 who report a very similar 1-year technique survival statistic for infection-related removals. But there are little data regarding malfunction-related removals due to it being a minority of removals. Population size is a significant limiting factor not only in our study, with a similar study out of India by Ram et al. 16 facing the same issue when studying infection-related reinsertions. Further studies into this phenomenon by centres with larger sample sizes could help validate these findings and yield possible explanations.
Our study has several limitations. Being a single-centre study with a small number of study population, our results may not be applicable to other PD cohorts. Moreover, given the retrospective nature of the study, the decision for reinsertion versus transfer to haemodialysis are not controlled and may be influenced by other factors such as patient's preference, caregiver fatigue and physician recommendation. Nevertheless, within the limitation of our study, our findings are relevant to clinical practice when counselling patient regarding their options after catheter removal.
Conclusion
In summary, both reinsertion and transfer to HD are viable options for patients requiring PD catheter removal. Patient survival was comparable between patients who transferred permanently to HD and patients who re-attempted PD. While it is an observation from a small population, our experience is that reinsertions in patients with infections tend to have better outcomes than malfunctions. Further prospective studies in a larger cohort is required to confirm our findings and explore possible factors accounting for this.
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